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Spontaneous Scattering Light Force
Resonance & Repetition

Krypton Atom:
1s5 -- 2p9 wavelength = 811 nm Single photon kick δv = 6 mm/sec
Transition rate ~ 1 x 107 /secAcceleration ~ 6 x 104 m/sec2

Laser Beam
Atom

Resonance Requirement

Γ ~ 10 MHz
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Trapping
F = -kx

Cooling
F = -av

A Trap with Cooling

Magnetic Field B(x)

fA(x)
Zeeman Shift

Atom Velocity

fL(v)
Doppler Shift



Doppler Cooling

F Vα= −

1
2B Dk T h= Γ

Laser Beam
Atom

F Vα= − ⋅

Kr:
Γ= 6 MHz
TD = 0.1 
mK

Laser frequency red detuned



Magneto-Optical Trap
Raab et al., Bell Lab & MIT, 1987

F k z= − ⋅



Magneto-Optical Trap
Raab et al., Bell Lab & MIT, 1987



Magneto-Optical Trap (MOT)

Ingredients:
Laser beams --- alignment, frequency, polarization;
Quadrupole B-field --- 20 G/cm, anti-Helmholtz;
Ultra-high vacuum --- τtrap ~ 1 sec @ 1x10-8 Torr.

Typical Parameters:
Number  --- 1010;
Density --- 108 mm-3 (optically thick);
Temperature --- ~ 0.1 mK, ~ 0.1 m/sec;
Capture speed --- ~ 10 m/sec.

Raab et al., Bell Lab & MIT, 1987



Wieman 1990

Vapor Cell MOT



BCIT



Neutral Atom Trap
Sodium, NIST



Neon, Tokyo

Cs, LANL

Ca, PTB



Transition Requirements:
Cycling transition
High transition rate (107 sec-1, allowed E1)
Practical wavelength (λ > 200 nm)

Excite
Decay

Forbidden
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Transverse Cooling - Zeeman Slower - MOT



Optical Dipole Trap

2
0

1
4

H dE Eα= − = −%

( )2Excitation rate ~
laser atom

Intensity
f f− ( )

Trap potential ~
laser atom

Intensity
f f−

• CO2 laser:   λ = 10 μm,   Power = 100 Watts

• Focused to 200 μm diameter trap depth 100 μK

• Excitation rate ~ 10-5 s-1

• Spin relaxation rate < Excitation rate



Steven Chu Claude Cohen-Tannoudji William Phillips

The Nobel Prize in Physics 1997
"for development of methods to cool and trap atoms with laser light" 
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